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The real patty in interest is Norilin^ Gruiwnan Coiporation, by virme of an Assignineni fiwn 
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m die Board's decision in die petuling appeal 



StatasOyClqlms 

Claims 1-5 and 8-1 \ are pending. The final rejection of *ese claims forms dje basis for this 
^jpeal. In particular, clainjs I, 8 and 9 stand rejected under 35 U.S.C. §103 as being 
unpatentable over Song U.S. Patent No. 6.410,944 CSong") in view of either Japanese Patent 
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Puhli«ttous JP 4-2S1934 TIP '934") or JP 63-248164 ("JP *164'> Claims I, 5» 8 and 9 swik} 
lejec^ed wuder 35 US-C 103(a) as bemg ui^atentable ov«- ihe Song and either JP U64 or JP 
*934 aud fimher in view of Razeghi U.S. PawwNo. 5.831.277 ("Rwegju")- Claims 2-4. lO and 
1 1 stand rqected under 35 U.S.C, 103(a) over the Song and Razegbi patents and either JP U64 
or JP *934 and fimher in view of Ohta U.S. Patent No. 4,620^06 (**Ohia"), 

Status Of Ameff4lHfBff 
AU amendments have been entered. The claitns as currently am^ed are attached as an 
Appendix. 

Sareytarv Of The Invgnttoii 

The prcsent invention relates to a hetezqjunction bipolar transistor (HBT) 20 having a relatively 
higher efficiency and higher frequency operation without the febrication complexities of known 
HBTs. The HBT 20 includes a subsoratc 22, a n^ gallium nitride (GaN) subcoUecior 24 fonned 
on top of the substrate 22. An n- GaN collector layer 26 is fonned on top of the subcoUector 
layer 24. Jn accordance with an important aspect of die invention, a base layer 28 is formed with 
non-constant band g^ energy with a relatively low value at the collector base inter&ce 30 and a 
higher value at the emitter base interface 32 in order to create an electrostatic field in the base to 
increase the carrier velocity and decrease the transit time of die device. The base layer 28 is 
formed from a superlattice consisting of alternating layers of Al(jaN/GaN. An eminer layer 34 
is formed on top of the base layer 28. The emitter layer 34 is formed from AlGaN. A collector 
contact 36 is fomied on top of the subcolloctor layer 34 \i1ule a base contact 38 is formed on top 
of the base layer 28. An emitter contact 40 is formed on of the emitter layer 34, The 
configuration of the device iiu^reases Ae irqected electron trartsit time and at the same time 
increases the p-type carrier concentration to improve the oper^on efficiency of the device. 

^s&nes on Appeal 

I Whether dxe Board should reverse the rejection of claims I, 8 and 9 under 35 U.S,C. 
103(a) as being unpat«itable over the Song patent and either JP • 164 or JP *934. 
n. Whether the Board shoiUd reverse the rejection of claims S (and claims I, 8 and 9 
alternatively) under 35 U.S.C. 103(a) as being unpatentable over the Song patent and either JP 
"164 or JP *934 and fimher in view of the {Uzegbi patent. 

2 
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IQ. Whether the Board stiould levwe the rejection of ciamis 2-4» 10 and U under 3S US.C. 
103(a) as being unpatentable over the Song and Razegbi pdtma and either JP '164 or JP '934 
and forther in view of the Ohta patent. 

Gronp^gofCI^ 

It is respectfully submitted ihat the claims are grouped according to the rejections and that all of 
the claims in each of the groups stand or &11 together. 

L Refection of Claims L 8 and 9 under 35 ll&C^ pOSfai bein^ unpatentabie over the 
Sons Patent in view of eii^erJapQnej^fuMicm^nJPyj^ nr JP 

Claims 1> 8 and 9 )iave been reject^ under 35 U.S.C. §} 03(a) as being lu^atentablc over the 
Song patent in view of either JP '934 or JP '164. It i3 regjectfuUy submitted that none of the 
references either singly or in combination disclose or suggest all of the linutations incited in the 
claims at issue, in contravmtion of MPEP § 2143. In addition , it is also respectfully submitted 
that the Examiner is impermissibly combining teaching of references that disclose 
semiconductors formed from material systems differrot from the material system claimed using 
the claims as a bluepriw. Accordingly, the Board is respectftdly requested to reverse the 
Examiner's rejection of claims 1, S and 9. 

The claims at issue all relate to a beterojunction bipolar transistor (HBT) based on a GaN/AlGaN 
material systen. For the convenience of the Board, Fig. I of the instant application is repeated 
below. 
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FIQ-1 

The structure recited m tbe claims at issue exclusively relates to a AlGdN/GaN omterial system. 
An importrot aspect of the claimed inventiou jelaies to tte limitatioit that the base layer 28 is 
formed &cm a supperlattice of altetnating layers of A}GdN/OaN. 



The primary reference cited by tbe Examiner is the Song patent In the Office Action, 
mailed on November 9. 20(H» the Examiner relies on FIG. 3 of the Song patent in suf^xm of the 
rejection. For tbe convenience of the Board, FIG, 3 of the Song patent is illustrated below.^ 



Tbe Applicam has id^n^ed ibe base, collecmr snbcdteptor layers of FIG, 3 gf ^ Scmg patent m tbe 
sante loaimer as identified iti paragt9|4t 3(a) of tbe Detailed Action. 
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As fbe Board will lan41y noi&t Song patent discloses a GaN base layer^ unlike the stmctme 
recited in the claims at is&ate, w}ucb recite that tbe base I^yer is fbmed from a supedattice. In 
&ct, paragraph 2a of tbe Dewiled Action acknowledges ttm tbe S wg pawm does not disclose 
AlGaN/QaN sitpertatUce base layer. 

There are also other differroces between lim smicture disclosed in the Song patent and the 
invention- For example, the Song patent discloses a two layer emitter with one l^yer fonned 
(com AlGaN and a second layer fbttned finoiti GaN. Tbe inv^tion, on the other hand, discloses a 
homog^eous emitter l^yer fctmed ftom AlGaN. 

In siqiport of tbe obviousness rgection, the Examiner cites JP '934 and JP U64, neither of 
wbich discloses a AiGaN/G»N snperUttice base layer. These references were cited for 
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disclosing si^terlanice smictwes- Tbe superlattice stnictures are fonned fiom different 
materials, biP/InGaAs and AIGaAs/GaAs, the same tnaterials used for the emitter and collector. 

£scb of these references is discussed and iUustiaied below. Pig. 2 of the JP '934 publication is 
provided below for tbe convenience of the Board. 

^81^4-2 51934 



15 



1 



18 



14" 
130- 
J3o- 



Cc«eclQr{r 

L 



Errdtter 



SlHhp 



1: 



3^12 



Tbe Japanese paiem publication JP *934 discloses a InMnCaAs mmial system, wbicU is 
totally difiBerent than the AlGaN/G^N material sy^em recited in the claims at issue. Moreover, 
*e smicture of the oiher layers of the device disclosed in the JP ^934 reference are different than 
tbe claims at issue. With reference to the Fig- 2 above and tbe EngUsh abscraa provided by the 
Examiner, it appears that that the enuner is formed in two layers, identified wi* the reference 
numerals I5a and I5b. The layer 15a is formed firom lnP> while the layer I5b is fwmed ^om 
IhGaAs, The collector layer, identified with the reference numeral 12, is also formed firom 
JnGaAs, As shown in Pig- 2 above, fiie base layer ^ipears is actually termed fiom three layers 
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I3d» 13b and 14. Tbe layer 13a is formed from InP. Jbt layers 13b and 14 are identified as 
**SL*\ presumably superlawiee. The English abstract indicates that ibe superlattice is fonned 
fiom InGaAs/lo?. The English absct^ct further indicates that the base layer also includes a ""local 
band structure of a unifotm composition"; presumably the hiP layer 13a. 

Not only does the JP *934 reference not disclose AlGaN/GaN si^jerlattice base JayeTp as recited 
in the claims ax issue» it is respectfully submitted that the g xamlner is pic)dng aiKl choosing 
among the teachings in this reference and reading more info the reference than it actually 
teacheg. In particular, the Examiner reUes on the JP *934 patent for teaching a base layer foxtwi 
as a supwlattice fonned from the same mater i als as the emitter and collector layers. In essence, 
the Examiner's logic is that since the JP '934 reference teaches a base layer fomied as a 
superlattice fonned from the same materials as the collector and th^ emitter, the present 
invention is obvious because the base superlattice is fbimed &om the same materials as its 
collector and emitter layers, even though those materials are not disclosed in the rc&rence. It is 
respectfully submitted that there are several flaws in this logic. First, this logic omits the fact 
that the base layer disclosed in the JP '934 reference also includes dte layer 13a, an InP layer^ 
The Examiiw has not shown where the referwice teaches the use of the superlattice without the 
InP layer- Secon4 the Examiner simply assumes that fte teachings of patents relating to 
semicoi^uctor devices made with different material systems are interchangeable. In particular, 
the J^anese patent publication JP *934 relates to InP/CaAs/InGaAs material system, while the 
inventiw recited in the claims at issue relate to a GaN/AlGaN material syst^n. There is 
absolutely no disclosure or suggestion in either the Song patent or the JP ^934 reference or any of 
the other references of record that the teachings in the references tfft readily coml^n^k with 
each other despite the fact that the teachings relate to different material systexns. In fact, it is 
well*lq)own in Ae semiomductor an that the properties of one material system are not 
transferable to oth^ material systems in semiconductor ^ibrication. 
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The other Japanese publicaiioq JP 63-248164 is illustrated aad discussed below. 
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The Japanese patent publication JP '164 also discloses a material system that is different from 
the matenal recited in the claitns at issue. In particular, the J^anese patent publication JP '164 
discloses a AIGaAs/GaAs material system where the claints ^ issue recite & GaN/AlGaN 
material system. 

Moreover, none of the references disclose the inter&ces as recited in die claims at issue. In 
particular, the ^eci6c base coUector and base emitter inter&ces as recited in the claims at issue. 



Also, it is re^iectfidly submitted that the Examine has failed to establish a prima facie case of 
obviousness as set forth in MPEP § 2142 and § 2143. hi order to estabfish a prima facie case of 
obviousness, three criteria must be met as set forth in MPEP § 2143. 
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'*First, fliere musi be some suggestion or im^tiv^on, either in the references 
Uiemselves or m Jbe knowledge generally available lo one of ordinary sMU in the 
an, to modify the jr^fesr^e or po combine E^ferenc© iteaehings. Second, there 
must be a reason^Se estpectation of succ^. Fin^jr, ^ prior art reference (or 
references when combined) must teach or suggest ail ^ clsim limitations- 

The teaching or suggestion to make the claimed combination reasonable 
ei^pectation of success must both be found in the prior art, not in the Applicant's 
disclosure." 

a is tiei^ject&lly submitted to the e;£sminer is combinix^ two and three references in support of 
the rggctions without a shelving that the motivation &r the combination was suggested by the 
refer^ce itself. Moreover, mm of the references^ eitb^ sisjgjy or m combination, teach all of 
the elem^ts of the claims. For example, all of the claims recit© a MG©BJ/Gs)N superiatiice base 
layer with a GaN coUectw layer and a AlGaN emitter layer de^Sniiug base collector and base 
^tra: interfaces. None of the refeirences cited disclose the supsrlattice base and 

itoe cit©d interlaces, Mojeoverp it i$ re^ectfidly submitted that the Bsssminer h^ failed to 
provide a reference that ^ws Jhat tb^ teachings of wie material system are ^licable to a 
different material system, indeed, as is esctremely well m the a^t, diffemJt materials have 
diSei?ent properties, which is why the teaching of em paten? vrith a material system are not 
transfetrable to oiber material systems as suggested by the Examiner. For all of the above 
reasons, the Boaxd is respectiuUy requested to reverse &e Bssaminer's rejection of claims I, 8. 
and 9. 

ClaJm 5 (and claims J, § a^ 9 altesnadvely) have been r^ected und^ 3S IJ,S.C. § 103(a) as 
being unpa«^table over the S©ng patent in view of either JF or JP ^934 and fimher in view 
of the Raze^ patent- 
Claim 5 is similar to claim and additionally recites that th^ subsiErate is fomied ftom materials 
selected ftom ^e gsoup consisting of s^hire and silicon cajbide. In particular, claim 5 recites a 
base lay^ fomied feom a AlGaN/GaN si^erlatnce and defines base collector and emitter base 
interfaces where in the collecror layer is formed ftom GaN the snitter layer is foimed fewn 
AlGaN. 

9 
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Claim 5 has be<m rejected under the Song reference as well as the J^anese patent pnblicatioQ 
*934 on alternatively, the Japanese patent publication, JP *164 further in view of Raaeghi patent 
It is respectfully submitted thai for &c same reasons set fojth above, claim 5 defines patentable 
subject matter over the Song reference as well as the Japanese patent publications, eitb^ 
individually or collectively. The Raeegbi patent was ^parently cited by the Examine as 
disclosing a superlattice fom^ &om AaGaN/GaN. However, as clearly shown in the figures of 
the Razegbi parent, in which the superlattice is doped with Mfr Moreover, the Bazegbi patent 
does not disclose the structure recited in the claims at issue. For example* the Razeghi patent 
does not disclose a AlGaN emitter layer or a GaN collector layer. In fact, the Razeghi patent 
does not refer to an HBT at all, but rather simply a high-nitride superlattice structure. For these 
reasons and the above reasons^ the examine is respecifidly requested to leconsider and withdraw 
the rejection of claim 5, 
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The sole figure of the ft«zeghi layer is repeated below for tfys conveoience of the Board. 
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Again, it is re^)ect<ully subroined that none of the references including the Razegbi reference 
disclose or suggest the specific superiatiice layer of AjGaN/GaN recited in Ae claims at issue. 
For these reasons and the above reasons, ^ Board is re^>ectfully requested to reverse ih6 
Bxaminer's rejection of claim 5. 
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UL Reiecsian Claims 2^. 10 and U under 35 a&a S JQ3fat as beiw unmemMe over 
Song oi^d either JP *934 or Jtf ^164 and pinker in view aft^ Ohta patent 
Clmms 2-4. 10 and U baye also ])een rejected over tbe Scmg patem and luttber in view of the 
Japanese patent publications JP *934 5md JP *164 in further in view of Ohta, et al- U.S- Patent 
No, 4,620;J06. The Qbta patent was cited for teaching **tbai either barrier-thickness-grading or 
bamer-composition*grading can be employed in superlattices to produce elective ban gap 
changes in superlattice structures/* Again, it is respectfully submitted that the Examiner is 
attempting lo ^ly broad teachings irrei^ective of the tnaterial system to which the teachings 
apply without providing any reference ^^^latsoever that these teachings are applicable to other 
material systems* The Ohta patent, for example Js speci^c to a particular material system. For 
example, at Cohmm 1, Lines 24-26, it states: **in this device, the Gunn is determined solely by 
theenergyband structure of ihematerial..--*' Jn fact. aW of rt^ references cited by the Examine- 
do not m^on that their teachings are ^{^lic^ble to od^er material systems. Furtbemme, the 
clain^ of all of the cited patents are hmited to speciSc material systems which fintber 
demonstrates the Applicant's position^ 

CondnsioB 

The Board is re^>ectfuUy requested to reverse the rejections of all claims by die Examiner. 



KATfEN MUCHIN ilOSENMAN LLP 
525 West Monroe Sqreet 
Chicago, Illinois 60661-3693 
Phone No. (312)902-5200 
Fax No. (312) 902-1061 



Respectfully Submitted, 
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C^afms On App eal 

I , A iM^erojimction bipolar transistor (HBT) compismg- 
a substrate; 

an Hi- 4ope4 GaN subcoUeciw lajw; 
an a- (loped GaN collector layer. 

a p-h doped base layer fbnned on top of said coltectar layer defining a base collector 
imerface formed fiom alternating layers of AlGaN/GaN inning a superlattice; 

an Jt^ doped AlGaN eroitier layer formed on top of said base layer defining an emitter 
base interface; 

a base contact fc^ed on said base layer; 

a collector contact formed on subcoUector, and 

an emitter contact foimed on said emitter. 

2- The HBT as recited in claim I, wherein the Al concentration in said AlGaN la^^ 
irregular* 

3. A heterojunc^n bipolar transistor (HBT) comprising: 
a substrate; 

an doped GaN subcollector layer, 
an n^ doped GaN collector layer; 

a p+ doped base layer formed on top of said collector layer defining a base collector 
interfece fonned fiom alternating layers of AlGaN/GaN filming a sq>erlattice; 

an n-^ doped A I GaN emitter layer formed on tc^ of said base layer defining an eminer 
base interface^ the Al concentration at said emitto^ base interne being greater at said emitter 
base inter&ce than said base collector interface; 

a base contact formed on said base layer, 

a collector contact formed on said subcollector, and 

an emitter contact formed on said emitter* 

4. The HBT as recited In claim U wherein said alternating AlGaN layers are formed 
such that the Al concentration is graded. 

5. A heterojunction bipolar transistor (HBT) con^wising: 

a substrate formed fiom a material selected fix>m the group consisting of s^phire and 
silicon cailside; 

an n+ doped GaN subcoU^^r lay^, 
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an n- doped GaN coUecror layer, 

a p-i- doped base layer formed on top of said collectoi- layer defining a base coUecxor 
iniej^e formed firom alternating layers of AlGaN/GaN forming a si^lanice; 

an n^ doped AlGaN eminer layer formed on top of said base layer defining an eminer 
base interface; 

a base contact formed on said base layer; 

a c(^ector contact formed on said subcoUect<»; and 

an emitter contact fomied on said emitter, 

8. A method f&r fabricating a heterojnnction b^lar transistor comprising the steps: 
(a) forming a subcollector layer on a substrate; 

Q)) fotming a collector layer on said collector layer, 

Cc) forming a base layer as a si^>erlanice of alternating layw of AlGaN/GaN <m 
said collector defining a base collector inter&ce; said base layer foiroed with an irregular band 
gap energy; 

(d) fbiming an emitter layer on said base layer defining a base collector interface; 

and 

(e) forming contacts on said base, subcollector said emitter layers. 

9. A method for fabricating a betetojunction bipolar transistor ccnnprisiitg the steps: 

(a) forming a subcollector layer on said subsorate; 

(b) forming a collector layer on said subcollector layer; 

(c) forming a base layer comprising a soperlattice of alternating layers of 
AlGaN/GaN having a non-constant concentration of Al in said alternating layers of 
AlGaN/GaN on said collector defining a base collector imerface; said base layer ibraied with an 
irregular band gap energy; 

(d) fonning an emitt^ layer on said base layer defining a base collector imerface; 

and 

(e) forming contacts cm said base, subcollector said eminer layers. 

10. The |»ocess as recited in claim 9, wherein step (c) comprises fbiming said base 
layer with an Al concentration at said base collector interface being less than tb^ Al 
concentration at said base emitter interface. 

11. A method for fabricating a heterojunction bipolar transistor comprising the st^s: 

(a) forming a subcollector layer on a stubstrate; 

(b) forming a collector layer on said subcollector layer, 

14 
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(c) fomimg a base layer compnsuig a superlamce of altemanng layers of 
AlGaN/GaN having a non-cozmwt conceatr^xion on Al m md altematmg layers of AlOaN/QaN 
on said collector denning a t>ase collector interface such tliat tb« A} concentration is graded 
between said base collector inter&ce and said eroiner base interface said base layer foimed with 
an irregular band g^ energy; 

(d) forming an emitter layer on said base layer defining a base emitter inter&ce; 

ond 

(e) ^miing contacts on said base» subcollector and enutt^ layers. 
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